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ABSTRACT 
 
 
 
Price of residential property plays a very important role in the economy of developed 
countries. Price is an element for individual or household to decide on selling and 
buying properties, and to invest in the direct property market. In response to such a 
demand, most developed countries have produced a house price index to monitor 
price changes. In other countries, studies related to the construction of house price 
index are widely conducted. However, in Malaysian context, there is less attention 
regarding the construction of house price index. To fill in the gap, this research aims 
to construct a house price index by considering absolute location in modelling the 
house price index. Three models of house price index (HPI) are constructed. Method 
used in the construction of HPI is the hedonic method. The constructed HPI models 
are composed of different spatial elements as explanatory variables. Spatial elements 
included in this research are subdistricts dummy, distance of house to city centre, and 
coordinate of houses. The results show that the inclusion of property coordinate helps 
improve the model fitting and explains variation in house price. However, in terms of 
price index, the inclusion of coordinate of houses may not be important as it produces 
a similar movement pattern with price index that is composed of common locational 
variable. This research reveals that the common hedonic model that is composed of 
subdistricts dummy and distance to city centre as locational variable is sufficient to 
construct an HPI.  
 
 
 
 
 
 
 
 
vi 
 
 
 
 
ABSTRAK 
 
 
 
Harga harta tanah perumahan memainkan peranan yang amat penting dalam ekonomi 
negara-negara maju. Harga harta tanah merupakan faktor bagi seseorang individu 
atau isi rumah untuk membuat keputusan di dalam pembelian atau penjualan harta 
tanah dan bagi membuat pelaburan dalam pasaran harta tanah langsung. Di atas 
permintaan tersebut, kebanyakan negara-negara maju telah menghasilkan indeks 
harga rumah bagi memantau perubahan harga harta tanah. Di negara-negara lain, 
kajian berkaitan pembinaan indeks harga rumah telah dijalankan secara meluas. 
Walau bagaimanapun, dalam konteks Malaysia, tumpuan berkenaan pembinaan 
indeks harga rumah adalah kurang. Bagi mengisi kekurangan tersebut, kajian ini 
memfokuskan kepada pembinaan indeks harga rumah dengan mengambil kira faktor 
lokasi mutlak dalam memodelkan indeks harga rumah tersebut. Tiga model indeks 
harga rumah telah dihasilkan. Kaedah yang digunakan bagi pembinaan indeks harga 
rumah tersebut adalah kaedah hedonik. Model-model indeks harga rumah tersebut 
terdiri daripada faktor lokasi yang berbeza sebagai pemboleh ubah bersandar. Faktor 
lokasi yang diambil kira di dalam kajian adalah sub kawasan, jarak rumah ke pusat 
bandar dan koordinat rumah. Hasil kajian menunjukkan bahawa koordinat harta 
tanah membantu di dalam menghasilkan model yang lebih baik dan dapat 
menjelaskan variasi harga rumah. Walau bagaimanapun, di dalam menghasilkan 
indeks harga rumah, koordinat rumah tidak begitu penting kerana ia menghasilkan 
corak perubahan harga yang sama seperti indeks harga yang terdiri daripada 
pemboleh ubah lokasi umum yang digunakan. Kajian ini telah menunjukkan bahawa 
model hedonik umum yang terdiri daripada sub kawasan dan jarak rumah ke pusat 
bandar sebagai pemboleh ubah bersandar adalah mencukupi untuk menghasilkan 
indeks harga rumah.   
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction and research background 
 
The advancement of technology provides opportunities to understand the dynamic of 
real estate market. Continuous effort can be advanced with the objective to produce 
an accurate real estate price indicator. Housing price index, which is an example of 
real estate price indicator, is an important tool to those involved in real estate market, 
including investors, financial institution, researchers, and developers. These people 
need such an index for a specific purpose (Gourieroux & Laferrere, 2009). In 
addition to that, policy maker also relies on housing price index prior to formulation 
of economics as the housing market contributes significantly to nation‟s GDP.   
 According to Longford (2009), price index has been used to benchmark and 
monitor equity investment such as investment returns by property owners. Similarly, 
price index is also used by investors to make comparison with other alternatives. 
Netzell (2010) notes that the real estate price index is used to monitor the real estate 
cycle and the relationship between real estate markets. Thus, price indices 
particularly for residential market are very important to those who have interest in 
real estate market including financial services as well as the government. 
 The purpose of house price index is to provide an overview on the changes of 
house prices over time. For example, Longford (2009) posits that the house price 
index play a significant role in individual‟s decision whether to buy or to sell a 
property. Other than that, house price index is also one of the important factors for 
policy makers who rely on property price signals to make a decision. As noted by 
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Lum (2004), real estate contributes to the nation‟s wealth, and has become one of the 
investment media.  
 Due to the importance of housing market to the economy, many countries 
have produced their own residential price indices to monitor changes in housing 
prices. Such countries include the UK and the US. In these countries, the house price 
index has been established for the past 40 years. In Malaysia, an effort to produce the 
house price index started in 1993 by the National Property Information Centre 
(NAPIC), while the production of the house price index began in 1997 (Kamaruddin 
et al., 2008). Known as Malaysian House Price Index (MHPI), the house price index 
was introduced by the Valuation and Property Services Department (VPSD).  
 Tan (2011) explains that the construction of MHPI comprises price indices 
for 13 states and 2 federal territories. The index is established to monitor the changes 
of real estate price from one period to another, and to assist the formulation of 
economic policy (Kamaruddin et al., 2008). The approach used to construct the 
MHPI is the hedonic method. This method of price index construction has been used 
widely in the US and the UK (Kamaruddin et al., 2008; Bourassa, Hoesli & Sun, 
2006).  
 As real estate price indices are important, they should possess some quality in 
order to provide an accurate measurement of house price movements (Bourassa et al., 
2006). Recently, there are growing interests in improving methodological aspect of 
real estate price index. Studies such as by Quigley (1995) and Vries et al. (2009) 
have used various techniques to develop reliable real estate price indices.  
A few methods can be used to construct the price indices, and one that is 
widely used is the median price index. However, this method exhibits bias in its 
result due to the heterogeneous nature of residential property. Therefore, methods 
that could control different qualities of housing characteristics are needed to ensure 
the reliability of real estate price indices. Examples of methods that can handle the 
heterogeneity of real estate market are hedonic method, repeat sales method, and 
hybrid method (Case & Szymanoski, 1995). Among these three methods, the hedonic 
method has attracted particular attention and wide research.  
 The hedonic method is based on the hedonic hypothesis that products or 
goods are valued according to their respective characteristics (Rosen, 1974). In real 
estate market, house is an example of a product, and its characteristics can be 
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categorised into three parts namely structure, accessibility, and neighbourhood 
(Malpezzi, 2002).  
Longford (2009) notes that repeat sales method can only be applied if the 
property has been transacted more than once. Practically, this approach is difficult to 
employ due to the thinness of the property market in short and medium terms.  
 Finally, hybrid method is the method that combines two equations of a single 
transacted property and also property that is transacted twice and more (Quigley, 
1995). To apply this method in the construction of real estate price index, the sample 
data of single and multiple sales are combined. By using the repeat sales sample data, 
the parameters are then determined.  
 
1.2 Research issue 
 
As noted earlier, the house price index is an important element in policy formulation 
and decision making. The price index especially the house price index helps monitor 
the price changes of real estate market. Most developed countries such as the UK and 
the US have more than one house price index. In the UK, house price indices such as 
Land Registry House Price Index, Halifax House Price Index, Nationwide House 
Price Index, Investment Property Databank (IPD) Property Index, and The Office for 
National Statistics (ONS) House Price Index have long existed. The most prominent 
house price index is the one produced by the IPD, which has published UK‟s first 
reliable index of investment property performance. The price index produced by the 
institution is also available monthly, quarterly, and annually.  
 Nevertheless, such transparency in real estate market remains opaque in 
Malaysia. There is only one house price index that is publicly available, namely the 
MHPI. This index is constructed based on the hedonic method. Kamaruddin et al. 
(2008) state that the samples of residential transaction used in the construction of 
MHPI were categorised according to district, type of house, location and condition.  
 In addition, there is lack of studies on the construction of house price index in 
Malaysia. Studies that relate to the property market modelling in Malaysia include 
the hedonic pricing model for Penang condominium market (Chau & Chin, 2002), 
integration of hedonic pricing models with GIS (Ismail, 2006), and property mass 
valuation model (Jahanshiri, Buyong & Shariff, 2011).  
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 It is crucial to construct a reliable price index that can provide an accurate 
indicator of real estate price trends. A number of difficulties in constructing real 
estate price index have been examined. The difficulties are mainly due to the 
characteristics of the real estate market itself, which is heterogeneous and has 
infrequent transaction. According to Netzell (2010), the heterogeneity of real estate 
market is due to the characteristics of the individual property itself such as size, age, 
and distance to a specific location. Next, the infrequent transaction is due to few 
observable properties in a given period. The few observable properties are usually 
referred to the commercial property. On the contrary, residential property normally 
has higher number of transactions and they are relatively comparable (Netzell, 2010).  
 Past studies have adopted various methods in constructing house price index. 
As noted by Nagaraja, Brown and Wachter (2010), one of the methods is by taking 
the summaries of property prices that comprise means or medians of particular period. 
Similar method has also been employed by the Australian Bureau of Statistics to 
construct house price index (Nagaraja et al., 2010). Other established methods for 
real estate price index construction are hedonic method and repeat sales method. In 
this research, hedonic method was employed due to its ability to overcome the 
limitation of the median price and repeat sales method (Dorsey et al., 2010). 
 The hedonic method models property prices by its respective characteristics. 
It was pioneered by Griliches in 1961. Since then, the method has been used to 
construct price indices for automobiles, computers, and other products. The early 
application of hedonic method in house price can be seen in studies done by Rosen 
(1974) and Goodman (1978). In modelling housing price, hedonic method regresses 
the house price on a vector of its characteristics. 
 According to Bourassa et al. (2006), there are two approaches to constructing 
real estate price index based on the hedonic method. First is by performing a separate 
regression for each period, and the estimated implicit prices should be applied to a 
standardised bundle of attributes. Second is by including time dummy variables as 
part of the model. 
 Moreover, variables to be included in hedonic method should be properly 
identified. The regression with respect to both functional form and independent 
variables should also be defined correctly to ensure that the model will meet all the 
requirements under the Ordinary Least Square (OLS) assumption, hence unbiased 
estimates of the house price indices could be obtained.  
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 However, as noted by Long, Paez & Farber (2007), the application of hedonic 
method in modelling real estate price index results in spatial effects. These effects 
exist in the property data when one property influences others in terms of the market 
price, resulting in autocorrelation in a model outcome. In order to determine the 
accurate market price and to produce an unbiased estimator, spatial effects must be 
considered in modelling the price index.  
 Spatial autocorrelation, which can be seen in cross-sectional data (Anselin, 
1999), is a result of spatial effect. As explained by Anselin (1999), spatial 
autocorrelation can be defined as the coincidence of value similarity with locational 
similarity. For example, houses located in same neighbourhood tend to have similar 
house prices. This price similarity could be positive or negative depending on the 
value and locational similarity. In real estate studies, positive spatial autocorrelation 
exists when properties that have similar values tend to cluster together. On the other 
hand, negative spatial autocorrelation is when the property values in a defined 
geographic area show dissimilar pattern.  
 Intuitively, properties that are located close to each other tend to have similar 
values because they exhibit similar characteristics. For instance, terrace houses with 
three bedrooms are usually clustered together in an area, while terrace houses with 
six bedrooms are usually clustered together in other area. This situation can be 
observed from the development concept in Malaysia where a particular type of 
houses is mainly clustered together in one housing scheme, and this further reinforces 
the spatial autocorrelation problems. As the distance between properties increases, 
spatial autocorrelation between properties is expected to decrease.  
 Therefore, to construct real estate price index by adopting hedonic method, 
spatial data must be considered. According to Anselin (1999), spatial econometrics is 
a subset of the econometrics method concerned with spatial aspects present in the 
cross-sectional data. Distance, location, and arrangement (topology) are the variables 
included in the spatial econometrics (Gerkman, 2010). In real estate market, location 
plays a very important role in contributing to the property prices. Even so, it is 
difficult to quantify the locational factor of property in quantitative form. The 
complexity to identify locational factors could bring problems to the validity of the 
Multiple Regression Analysis (MRA) model (Gallimore, Fletcher & Carter, 1996). 
 It is important to determine a precise geographical location for a property. 
The characteristics of a house that affect its price are spatially related in the form of 
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locational hierarchy (Kiel & Zabel, 2008). Recent studies show that location of a 
property is measured according to its distance with the nearest Central Business 
District (CBD), distance of the properties to the submarkets, and distance of the 
properties to the nearest public facilities (Gallimore et al., 1996).  
 However, Wilhelmsson (2002) notes that the inclusion of those locational 
characteristics still could not reject the hypothesis of no spatial effects. To encounter 
the spatial effect problem, this research used geocoded data that describe the precise 
location of a property. The availability of the exact location perhaps can contribute to 
determining the exact property prices. Studies done by Fik, Ling and Mulligan 
(2003), Gelfand et al. (2004), and Xu (2008) have incorporated geocoded data, i.e., 
coordinate (x, y). These studies show that the variable is significant in house price 
modelling. Therefore, this research incorporated spatial elements in the construction 
of the house price index.  
 
1.3 Research aim 
 
 The aim of this research is to model and subsequently construct the house 
price index by incorporating absolute location.  
 
1.4 Research questions 
 
The research questions are: 
i. What are the methods applicable to be used in constructing house price 
index? 
ii. How do spatial elements contribute in modelling a house price index?  
iii. What is the model appropriate to construct a house price index?  
 
1.5 Research objectives 
 
i. To evaluate the applicability of existing methods for constructing a house 
price index.  
ii. To investigate the significance of spatial element in modelling a house 
price index.  
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iii. To suggest an appropriate model for the construction of a house price 
index.  
 
1.6 Research contribution 
 
By achieving the research objectives, this research will contribute in the following 
ways: 
 
i. Theoretical contribution 
a. This research helps identify essential elements of locational factor 
expectedly to improve the modelling of residential price index.  
b. This research extends the potential benefit of incorporating spatial 
elements in the modelling of residential price index.  
 
ii. Practical contribution 
a. This research assists in improving decision making process by policy 
makers as a result of improving the accuracy level in price indices.  
b. This research helps related institutions especially banking institution in 
monitoring asset markets and in promoting financial stability.  
c. This research highlights to data provider, i.e., VPSD of the importance 
of spatial data in real estate market so that their data collection methods 
can be improved. 
 
1.7 Research scope 
 
This research is focused on the spatial effects that arise in the application of hedonic 
method to construct a real estate price index. An appropriate model of house price 
index is constructed by incorporating spatial elements in the model. GIS technique is 
employed in order to obtain the geocoded data of the observation points. Kuala 
Lumpur area is used as a case study for this research with the focus on the residential 
property. 
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1.8 Research design and methodology 
 
1.8.1 Research approach  
 
This research is based on quantitative techniques by employing secondary data. The 
secondary data include the transaction data of residential properties located in Kuala 
Lumpur from 2005 to 2012.  
 
1.8.2 Data collection 
 
Data used in this research are mainly from the secondary sources. The secondary data, 
which are the transaction data, are obtained from NAPIC. The data comprise 
transaction data from 2005 to 2012. A total of 3,200 transaction data covering Kuala 
Lumpur area are available to be used in the construction of house price index for this 
research.  
 
1.8.3 Data processing 
 
The transaction data obtained from NAPIC are analysed and processed using Stata II 
and SPSS software. Besides, Google earth software is used in order to obtain the 
geocoded data of houses involved in this research.  
 
1.8.4 Techniques of analysis 
 
To construct the real estate price index, hedonic method is employed in this research. 
This method, a special case of MRA, incorporates spatial elements in the price index 
model. It is based on the OLS technique that estimates the coefficient of time series 
attributes.  
 
1.8.5 Stages of study 
 
There are three main stages in this research. These stages are the theoretical, 
empirical, and evaluation. The first stage namely theoretical stage comprises 
literature review and theoretical overview. In this stage, literature and evidence 
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related to this research are examined and critically evaluated. The important areas 
reviewed are on the methods applied in the construction of real estate price index 
model. The review also focuses on the spatial element in order to solve for the spatial 
effects issue that exist in the hedonic price indices.  
 Second stage is the empirical stage. The use of spatial econometrics and 
Geographic Information Systems (GIS) is highlighted in order to address the issues 
of spatial autocorrelation in the present hedonic method. The empirical data are 
prepared prior to the identification of spatial element. The OLS model is used to 
estimate the unknown parameter in the multiple regression method. 
 Evaluation stage is the final stage. In this stage, the constructed house price 
index, which incorporates spatial elements, is evaluated. The constructed models are 
compared in order to identify the appropriate model for the construction of house 
price index.  
 
1.9 Thesis structure 
 
There are six chapters in this thesis. Each chapter discusses specific aspects of this 
research. The chapters are as follows: 
 Chapter 1 is the introductory chapter of the thesis. The chapter discusses 
preliminary, research background, research issue, research aims, research questions, 
research objectives, research contribution, research scope, research methodology, and 
thesis structure. This chapter is significant as it provides the framework for the whole 
study. 
 Chapter 2 discusses the literature review specifically on the construction of 
real estate price index. Basically, this chapter reviews the price index and the 
application of price index in real estate market. The method of constructing the real 
estate price index model is discussed in this chapter. It also examines the problems 
that arise in implementing hedonic price modelling to construct the real estate price 
index. 
 Chapter 3 is another part of literature review that discusses the spatial 
element of property. Spatial element used to describe the location of property and 
types of spatial effects present in the property data are discussed in this chapter. This 
discussion is very important in order to achieve the aim of this research, which is to 
incorporate spatial elements in the constructed house price index. This review helps 
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review and analyse the exact locational aspects that are suitable to describe the exact 
geographical location of property.  
 Chapter 4 discusses the method used to achieve the second and third 
objectives of this research. This chapter offers discussion on research process, 
characteristics of the research method, application of research method, and 
construction of real estate price index. To implement this research, secondary data 
are used. For the data processing, it involves the use of Stata II and SPSS statistical 
software to analyse and clean the collected data. The method used to construct the 
real estate price index modelling is the hedonic method. 
 Chapter 5 is the data analysis part. Prior to the data analysis, all of the 
collected data are cleaned and analysed using the statistical software. For the 
geocoded data, they are obtained from Google Earth software. All of the spatial data 
are stored in the software. The hedonic method, which is based on multiple 
regressions and OLS, is used to construct the real estate price indices. The 
constructed real estate price indices are compared between each other in order to find 
the model that is able to produce a better price index.  
 Finally, Chapter 6 summarises the whole study according to the three stages 
in this research. This chapter presents the findings of the study. The limitation of the 
study and potential areas for future research are also discussed in this chapter. Finally, 
this chapter is concluded by highlighting the contribution the research has made to 
knowledge. Figure 1.1 summarises the main elements of the thesis. 
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Figure 1.1: Summary for the thesis elements (Researcher, 2014)
Theoretical Stage 
Literature Review  
a. Definition of price indices. 
b. Methods to construct price indices. 
c. Problems with the hedonic method in 
constructing the price index – the spatial 
effects problems.  
Empirical Stage 
Data Collection 
a. Transaction data of the residential 
properties are obtained from NAPIC. 
b. Journals. 
c. Using Google earth software to obtain the 
geocoded data of the observation points. 
Data Analysis 
a. Data preparation, re-coding of variables 
and model analysis by using statistical 
software of Stata II and SPSS. 
b. Use of hedonic price methods to construct 
the real estate price index modelling.  
 
c. Evaluation lling.  
Evaluation Stage 
Result and Discussion 
a. Discussion on the findings and important 
result against the literature review in 
general. 
b. The constructed house price indices are 
compared between each other to see which 
model produces a better index.  
Research Issue 
 
The impact of spatial effects on house price indices. 
Research Aim 
 
To model and subsequently construct a house price index by incorporating absolute 
location. 
Objective 1 
 
To evaluate the 
applicability of existing 
methods for constructing 
a house price index.  
RESEARCH OBJECTIVES RESEARCH METHODS 
Objective 2 
 
To investigate the 
significance of spatial 
element in modelling a 
house price index.  
 
Objective 3 
 
To suggest an appropriate 
model for the construction 
of a house price index.  
 
 
 
 
 
 
CHAPTER 2 
 
 
 
THEORETICAL FOUNDATION OF REAL ESTATE PRICE INDEX 
 
 
 
2.1 Introduction 
 
This chapter discusses the theoretical aspect in developing the house price index. The 
discussion covers overview of real estate price index, basis for house price index 
construction, method of real estate price index construction, fundamentals of hedonic 
price index, taxonomy of hedonic method, and factors affecting real estate price 
index. Major concern of this research is to construct a real estate price index. 
Although there are many studies that have focused on this specific area, this research 
tries to fill in the gap by incorporating spatial attributes in the model. The research is 
conducted within the framework of factors that contribute to changes in house price 
and subsequently construct the price index.  
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2.2 Overview of real estate price index 
 
House price index is an essential element in monitoring the changes in property 
prices. Residential property would normally serve as collateral for a mortgage. Slight 
changes in house price will affect banking equity level. According to Wallace (1996), 
housing market is important to an economy where there is high level of 
homeownership. Office for National Statistics (ONS) states that in the UK, level of 
homeownership increased from 23 percent in 1918 to 69 percent in 2001.  
 Besides, the US Census Bureau notes that homeownership level in the US has 
increased. In 1900, the level of homeownership was only 46.5 percent as compared 
to 2013 where the homeownership rate was 65 percent. Developed countries such as 
the US, the UK, Australia, and Hong Kong have their own house price indices with 
specific purpose to monitor changes in the real estate market. The level of 
homeownership basically depends on the easy-mortgage lending conditions. Whelan 
(2013) in his article notes that the US homeownership level soared to a peak of 69.2 
percent in the middle of 2004 due to the easy-mortgage lending. 
 Other than that, in the UK, index for housing market has been existing since 
1973 (Lim & Pavlou, 2007). In the beginning, the price index was produced by the 
mortgage providers, and recently it was produced by the government agency, the 
Land Registry. Nationwide House Price Index and Halifax House Price Index are 
house price indices produced by the mortgage provider. The house price indices are 
provided by Nationwide Building Society and Bank of Halifax. Their house price 
indices are based on hedonic method. On the other hand, price index produced by the 
Land Registry is known as the Land Registry House Price Index. The Land Registry 
House Price Index is the only index that is based on repeat sales method. 
 In the US, there are variations of house price indices produced by different 
public and private agencies. These indices include Freddie Mac House Price Index 
(FMHPI), S&P/Case-Shiller Indices, CoreLogic House Price Index, and IAS360 
House Price Index. The FMHPI and S&P/Case-Shiller Indices are the main 
references of house price index. The FMHPI is introduced in the US with the purpose 
to measure house price inflation (Freddie Mac, 2012). The first series of the FMHPI 
began in January 1975. The index covers 50 states and 367 metropolitan statistical 
areas. On the other hand, the S&P/Case-Shiller Indices are designed to measure the 
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average changes in home prices in a particular geographic area. The price indices are 
calculated monthly and cover 20 major metropolitan areas.  
 In Malaysia, the only publicly available price index is the Malaysian House 
Price Index (MHPI). This index was introduced in 1997 by the Valuation and 
Property Services Department (VPSD) (Kamaruddin, 2008). The house price index 
was established due to the needs to monitor the changes in real estate price from a 
period to another period.  
 Generally, both the US and the UK adopt hedonic method to construct the 
house price indices. According to Ramalho (2011), the US Census Bureau has been 
using the hedonic method since 1968, whilst the application of hedonic method in 
constructing house price index in the UK has been seen since 1983. Similar method 
has been used by the VPSD in Malaysia to construct the MHPI (Kamaruddin, 2008). 
  
2.2.1 The importance of price index in real estate market 
 
This research focuses on house price index. A slight change in house price index will 
result in significant implication to the economy. The house price index is very 
important to the financial institution especially the banking sector that provides 
mortgage for housing. Changes in house price will significantly affect the banks‟ 
balance sheet. This is the case with subprime loan crisis in the US that had 
subsequently affected financial system around the world. With house price index 
available, policy maker is able to detect a signal that shows distress in real estate 
market and act upon it.  
 The real estate market has become one of the factors that contribute wealth to 
certain countries. The contribution of the real estate market has made real estate price 
index as one of the significant elements to guide investors and policy makers in 
measuring its impact to the economy. Take the US as an example; 70 percent of the 
wealth portfolio for the average US household comes from the residential properties 
asset (Wallace, 1996). This is because residential real estate provides housing for 
families. It is the greatest source of wealth and savings for many of them. Besides, 
the commercial real estate, which includes apartment buildings, also creates spaces 
for jobs in retail, offices, and manufacturing. Therefore, real estate income provides a 
source of revenue for millions of people and it plays an important role in determining 
the wealth of a country. 
15 
 
 As noted by Wallace (1996), residential market has its own cycle where it is 
prone to boom and bust. Thus, the cycle of housing market can be said as 
unpredictable. This cycle leads to the introduction of the volatility into the wealth of 
the average household, and subsequently to the market value of residential mortgage. 
The portfolio for this residential mortgage basically is held by the financial 
institution, pension fund, insurance companies, and individual investors. 
 According to Case and Wachter (2003), the first application of real estate 
price index is on monitoring the financial stability and asset markets. Market price is 
very essential especially for the financial institution. Market price can be defined as 
the highest price set by the owner to sell a property. With that price, there will be a 
willing buyer to buy the property. However, due to the changes that may arise in 
property market, such as changes in the availability of housing stock and changes in 
cost of financing, the property price might drastically change (Case & Wachter, 
2003). 
 Other than that, the real estate price index is also increasingly important to the 
financial institution as the institution provides liquidity to the market through 
mortgage. Financial institution also provides loan for property buyers. For example, 
house is used as collateral when the buyers make a loan with bank. Herring and 
Wachter (1999) state that, when the price of real estate increases, it helps increase 
bank‟s capital value as banks indirectly own this real estate. Hence, the increased 
capital value helps the banking institution to relax their lending standards. Therefore, 
banks tend to expose their institution to lending risk when property prices are high. 
The availability of a price index is essential as it could help banking institution 
forecast the property prices. 
 On the other hand, with respect to real estate bubble, it is an economic event 
that takes place in domestic and global real estate markets. The real estate bubble 
occurs periodically. According to Case and Wachter (2003), market bubble can be 
identified through monitoring changes in house price index. This is because the 
market bubble is marked by rapid increases in prices of real property such as housing 
until they reach unsustainable levels and then decline. Therefore, the property price 
index is very important for the financial institution in order for them to monitor the 
changes in real estate market.  
 The real estate price index is also important for the academic research. This is 
in order for academics to understand the real estate market deeper (Bourassa et al., 
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2004). For example, real estate price index helps the academic research to analyse the 
property prices and the efficiency of the property market. The needs of real estate 
price index can be seen when a researcher carries out an analysis on housing 
affordability perspective. Bourassa et al. (2004) note that data such as the income 
factors of buyers, either these data affect the demand for property or not, are included 
in the property price index. 
 The application of real estate price index can also be seen in the perspective 
of property owners and investors. Property price index is used as a benchmark for 
these people to compare the average returns of property with other assets such as 
bonds and stocks (Netzell, 2010). Besides, real estate price index helps determine the 
correlation between asset classes. This is necessary when the risk for a portfolio is to 
be determined. When correlations between two assets are high, risk to invest in those 
assets will also be high. Hence, there will be no diversification benefits. This is 
because, when one asset turns down, it will affect other assets. In addition, property 
price index helps property owners and investors decide the appropriate time to invest 
in real estate market (Longford, 2009).  
 In summary, due to the significant contributions of the real estate market to 
the economy, an accurate real estate price index has become a need for various 
parties such as financial institution, construction institution, real estate institution, 
academics, property owners, and investors. 
 
2.3 Basis for house price index construction 
 
Generally, based on the type of housing data, there are two approaches in developing 
a house price index, namely appraisal-based index and the transaction-based index. 
Appraisal-based index is an index constructed using the valuation data derived from 
past appraisal exercise. On the other hand, the transaction-based index is constructed 
using the actual transaction data.  
 
2.3.1 Appraisal-based index 
 
The appraisal-based index is a type of index constructed using sample data of the 
assessed property. Netzell (2010) notes that the appraisal-based index is constructed 
by revaluing the similar sample of properties in each time period. The appraisal-
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based index thus helps avoid heterogeneity issues that normally appear when 
different samples of properties are used to construct the price indices. Nevertheless, 
properties derived from similar sample may also have gone through some changes in 
quality and attributes over time. Therefore, these changes must be considered as they 
would affect property prices.  
 Using valuation data to construct a price index highly depends on the nature 
and quality of valuations (Netzell, 2010). There are several issues that have been 
discussed in adopting appraisal-based index. Some of the issues are regarding the 
smoothing effect and the accuracy of price determined during the valuation process 
(Fisher, Miles & Webb, 1999; Geltner, Macgregor & Schwann, 2003). 
 Smoothing effect is related to liquidity (Geltner et al., 2003). The liquidity 
can be defined as the volume of trading in an asset market. As liquidity increases, 
information on current transactions relevant to price determination also increases. 
When smoothing effect occurs, it will cause a series of price that demonstrates a 
stable trend across time. Basically, this stable trend is unable to precisely draw the 
actual market price movement and its volatility. Thus, it will draw to the wrong 
conclusion. 
 Basically, smoothing effect arises during valuation exercise. Geltner et al. 
(2003) note that when valuers make an appraisal, they tend to use a weighted average 
of the simultaneous information and historical appraisals. A valuer will make a 
comparison between the subject properties with a similar property‟s characteristics. 
Value for the subject property will then be estimated from the comparable properties 
(Netzell, 2010). As an example, to determine the value for house A, a valuer will find 
comparable evidences with similar characteristics and located in the same housing 
scheme as house A. Then, the value for house A is derived from the value of the 
comparable evidences and some adjustments are made.  
 The appraised value index may differ from the market price and fundamental 
value (Geltner et al., 2003). Instead of showing the actual market price movements, 
the appraised value index will show the appraisal price movements. This basically is 
the effect of employing weighted average during appraisal time. If the appraisal value 
is used for the individual property level, it may be an optimum updating process. 
However, when the optimal appraisals are aggregated as an index, they should not be 
optimum for the index. Thus, the smoothing effect actually arises due to the 
comparison method applied by the valuers. 
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 Basically, when applying the comparison method, the comparable evidences 
should be identical with the valued property (Longford, 2009). However, it is 
difficult to find a homogeneous property as properties are heterogeneous in nature. 
The heterogeneous characteristics of properties can be seen from a broad aspect. 
These characteristics include the physical characteristics, location, environment, and 
neighbourhood. Each of the characteristics contributes to different property prices. 
The heterogeneity nature of property leads to the issue of having a perfect 
comparable in determining the property price. Data obtained by valuers normally 
contain noise and these data might not be up-to-date (Netzell, 2010). 
 According to Netzell (2010), there are two solutions on how to derive an 
unbiased price index from appraisal-based index, namely zero-correlation method 
and reverse engineering method. The zero-autocorrelation method is based on the 
assumption that property markets‟ return is unpredictable. On the other hand, reverse 
engineering method is based on estimated value of a parameter. This method 
represents weight for the current information related to the past information. 
 
2.3.2 Transaction-based index 
 
Transaction-based index is an index that relies on the actual transacted price of a 
property. The transaction prices basically are the result of negotiations between 
buyers and sellers. The construction of a transaction-based index requires large 
sample of data (Netzell, 2010). As a result, it is a challenging task to construct this 
specific index. Some property such as the commercial property only comes with few 
numbers of transactions. This is in contrast with residential property that consists of a 
large number of transaction data. Due to the requirement of numerous transaction 
data, only residential price index is suitable to be constructed. Nonetheless, it will 
lead to the heterogeneity problem in producing a reliable house price index. 
 Heterogeneity of property characteristics needs to be controlled in order to 
obtain a reliable index. Differences between transaction prices of one property to 
another exist due to differences in property characteristics as well as the transaction 
time. According to Netzell (2010), heterogeneity will lead to noise in the observed 
transaction prices and bias in an index. Two main factors that lead to bias are as 
follows: (1) property characteristics may change over time; and (2) different 
properties are transacted at different time.  
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 The former factor basically focuses on the improvements made to the 
property characteristics or the whole property market. If there is any improvement 
made to the properties‟ technical amenities across a whole market, changes in price 
should be observed due to quality improvement. Second, type of properties 
transacted should be observed properly. High-quality properties are normally 
transacted in certain time period, and this situation may lead one to believe that 
prices are raised more than they actually have during this period.  
 Literature addresses some solutions to overcome the heterogeneity issues. 
There are two methods to construct the transaction-based index, namely repeat sales 
method and hedonic method. Both methods have the advantages and disadvantages. 
The availability of the transaction data is very crucial to implement these two 
methods in the construction of transaction-based index. First method that helps avoid 
the heterogeneity problem in transaction-based index is repeat sales method. 
According to Netzell (2010), this method was first introduced by Bailey, Muth and 
Nourse in 1963. This method produces an index that compares the price of houses 
that have been transacted twice and more during the period of constructed index.  
 Although this method helps avoid the heterogeneity problem, there are a few 
problems with it. Netzell (2010) notes that this method requires a large number of 
transaction data, and therefore is not feasible for property markets. Only properties 
that have been transacted twice and more can be used for the index construction. 
Second, this method does not consider the changes that occur on the property such as 
any depreciation and renovations. Finally, the method only focuses on constructing 
index for properties that are transacted often, thus the properties might not be 
representative of the population.  
 Another method that helps control the heterogeneity problem is hedonic 
method. The basic of hedonic method in a property is viewed as a composite good. 
According to Netzell (2010), buying a property is like buying a set of goods. By 
using hedonic method, it aims to compute the marginal contribution of each good on 
the value of the composite goods. This value is obtained by regressing the transaction 
price of the property with its characteristics. The price level in different periods can 
be captured by including time-dummies in the regression, while the property 
characteristics help control for the heterogeneity. 
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2.4 Method of real estate price index construction 
 
A few methods are available to construct house price index. These methods include 
hedonic method, repeat sales method, hybrid method, and SPAR method. Among 
these four methods, hedonic method has dominated the literature. It is widely used 
due to its ability to determine the house prices based on its characteristics.  
 
Repeat sales method 
Repeat sales method is one of the methods that is widely used to construct a house 
price index. According to Longford (2009), the method was first introduced by 
Bailey, Muth and Nourse in 1963. In 1987, improvements were made based on the 
suggestion from Case and Shiller. Fundamentally, this method is a generalisation of 
the old chain index. As noted by Lum (2004), the change in the price of an asset that 
has been sold twice is a quality-adjusted price change. A sample of the price changes 
can be used to construct a quality-adjusted price index. When a property has been 
sold twice, the difference of the log-price would be defined as the outcome variables. 
 All available methods to construct real estate price index have their benefits. 
The practical benefit that can be obtained by using repeat sales method is in terms of 
the requirement for the covariates. Longford (2009) notes that this method does not 
require any covariate, which can be defined as a secondary variable that affects the 
relationship between the dependent variable of price and the existing independent 
variables of physical characteristics of the property. Although some additional data 
can be used in the regression, this method does not require those data in its 
application. Lum (2004) supports this argument based on the fact that this method 
only relies on the sale price of houses and the date of sale to construct an index. 
 However, repeat sales method has its limitation to be used in the construction 
of house price index. This method requires a large number of transactions data. It is 
difficult to acquire such an amount of data for houses that have been sold twice and 
more. Dorsey et al. (2010) note that in Los Angeles County, for a three-year period 
between 2003 and 2006, it can be seen that 80 percent of the total transactions are not 
repeat sales. Moreover, Quigley (1995) supports that the repeat sales method might 
not be able to be used for housing market in short or medium run due to the thinness 
of data for houses that have been sold more than once. This lack of data will lead to 
sample bias in constructing house price index (Booth & Marcato, 2004).   
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 Booth and Marcato (2004) suggest a sampling procedure to overcome 
shortage in transaction data. This method assumes that a property that has been 
transacted at different times can be used to construct the index. To implement this 
method, homogeneous properties need to be used as the samples in constructing the 
index. However, it is difficult to find homogeneous properties as there will be slight 
differences among the properties. Tan (2011) supports that no two houses are alike 
due to their wide variety of locational and physical attributes. 
 The repeat sales method does not have the ability to control the changes in 
property characteristics and their implicit prices over time. The quality of property 
might change overtime especially when the interval period between transactions is 
long (Lum, 2004). According to Longford (2010), a property transacted after ten 
years will normally have change significantly.  
 The changes in property conditions might arise due to some reasons such as 
improvements made to the property, its maintenance, and changes in the surrounding 
environment of the property. Those changes could be negative or positive. For 
instance, previously there is no development that can be seen around the housing 
scheme, but after certain periods, it is surrounded by a lot of amenities such as school 
and shopping complex. Therefore, price for houses located in the housing scheme 
will increase as compared to its previous price.  
 
Hybrid method 
The hybrid method was suggested by Case and Quigley in 1991. This method 
combines two equations of a transacted property and property that has been 
transacted twice and more. In other words, to construct the price index based on 
hybrid method, a single sale and a multiple sales of property are combined in its 
computation. The multiple sales used in this method provide important information 
to estimate the constructed model.  
 According to Quigley (1991), information obtained from the multiple sales is 
related to the characteristics of observed property. The characteristics of property can 
be differentiated from each other. Other than that, the characteristics of property also 
help improve the price index,    and the parameters,  efficiently. The information 
can be obtained by allowing the estimation of variance-covariance matrix.  
 For a single sale, it does not have the ability to differentiate the measured 
characteristics of property with the unmeasured one. It is different from the multiple 
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sales as it does not allow the idiosyncratic elements to be estimated. Besides, it does 
not measure the variance as a function in period between sales. Quigley (1991) notes 
that price index based on multiple sales data is more efficient than price index based 
on single sale data. However, the size of data for multiple sales is smaller as 
compared to size of data for single sale. This is one of the limitations in applying this 
method for constructing price index.  
 According to Quigley (1991), to apply the hybrid model in constructing the 
price index, the data of single and multiple sales are combined. Hence, by using the 
repeat sales sample data, the parameter can be determined. The log sale price is 
regressed with the log for housing characteristics, i.e., a set of dummy variables that 
represents time and a set of dummy variables for the involved properties.  
 The hybrid method has the ability to use all types of data regardless the 
number of the property being transacted. This method also benefits from the repeat 
sales data as it is able to compare the unmeasured attributes to estimate the variance 
and covariance errors. On the other hand, by having the single sales data, it 
contributes in estimating the parameters    and  more efficiently. 
 
Sale price appraisal ratio (SPAR) method 
SPAR is another alternative to construct house price index. According to Vries et al. 
(2009), the SPAR method has been applied in New Zealand since 1960 in order to 
measure the house price index. This method is similar to the repeat sales method. The 
data used are based on the matched pairs. General shortage of transaction data for the 
base period may arise as majority of houses sold on the observation period are not 
sold during the base period. Hence, the base period price of the houses is determined 
using appraisal of the houses. 
 Vries et al. (2009) note that the price indices can be value-weighted or 
equally weighted. Either to use the value-weighted or equally weighted is based on 
the index objective. For the value-weighted price index, it weights the index of an 
individual dwelling according to its base period prices. The value-weighted price 
index is constructed in order to see value changes of the housing stock. Based on the 
study done by Vries et al. (2009), the value-weighted arithmetic SPAR is as shown in 
the equation below: 
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where     and     in the current period t and period 0 in which the houses are valued 
are the transaction price for houses j and i.     and     are the respective appraisals. 
   and    represent the number of houses sold at period t and 0. For the equation in 
the right hand side, it represents the basic idea for the value-weighted SPAR index. 
The numerator represents the price changes that are computed for each house sold in 
period t. It is computed as the ratio of the actual transaction price and the appraisal. 
The value-weighted index could be explained from the expression of     
=       
  
    .  
 
 The use of SPAR method could help control the changes in the quality mix of 
sample. In contrast, it does not control the quality changes for individual property. 
Therefore, Vries et al. (2009) state that there is a need to adjust the valuation in terms 
of improvements that have been made to the houses. Although this method could not 
help control the quality changes of a property, it helps control in the aspect of 
location based on the matched pair principle used as the base in this method.  
 
Hedonic method 
Hedonic method is a widely used method in the construction of real estate price 
index. It is applicable for a transaction-based data. The method was introduced by 
Griliches (1961), and in 1974, it was formalised by Rosen. According to Rosen 
(1974), based on the hedonic hypothesis, products or goods are valued based on their 
characteristics. For instance, prices of houses are valued according to their 
characteristics such as number of bedrooms, building area, and land area. This 
method can be used for different types of product. The value of each product is based 
on its own characteristics. Thus, this method helps to capture the heterogeneity of 
products.  
 Rosen (1974) also defines the hedonic price as an implicit price of its 
attributes that are determined by heterogeneity and characteristics of the observed 
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products. The implicit price is the estimated price obtained from the first-step 
regression analysis in the construction of hedonic price index. The regression 
analysis involves two types of variables namely dependent variable (i.e., price of a 
product) and independent variable (i.e., the characteristics of the product).  
  The hedonic method is mainly used in the construction of residential 
property price index. Studies done by Case et al. (1995), Wallace (1996), Gourieroux 
et al. (2009), Dorsey et al. (2010), and Tan (2011) use hedonic method in the 
construction of house price index. Most of the studies mentioned earlier compare 
hedonic method and other price index methods. Results produced from the studies 
show that hedonic method helps produce a better house price index than other 
methods.  
 There are some advantages in applying the hedonic method to construct house 
price index. First, the construction of house price index will be easier due to the 
availability of data. There is a large number of residential data because residential 
properties are often transacted. Unlike repeat sales method, hedonic method allows 
data of houses that have been transacted once to be used in the model. This is 
because repeat sales method relies on data of houses that have been transacted more 
than once. It is quite demanding to have those data because houses are normally 
transacted within five years. Dorsey et al. (2010) note that in Los Angeles County, 
approximately 80% of transaction data are not repeat sales for a three-year period. 
 Housing is normally treated as a heterogeneous good defined by a set of 
characteristics. The use of hedonic method helps embed the important attributes of a 
property in estimating its value (Tan, 2011). The important attributes of property 
comprise physical and locational characteristics of a property. For example, to 
determine the value of a house, one can consider the physical characteristics such as 
number of bedrooms, land area, building area, and locational characteristics such as 
distance to CBD and distance to the nearest facilities.  
 The characteristics of house are indexed by j and the number of houses is 
produced by n. Based on the hedonic price function, the house price is defined. A 
mathematical relationship between the house prices and the house characteristics are 
embodied in them. This relationship can be seen from the regression equation in 
which each of the attributes is described independently. The regression analysis helps 
determine the attributes that provide high impact to the property values. Thus, one 
can differentiate which attribute actually contributes to the house prices.  
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